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Effect of Hypothermic Storage of Isolated Neural Cells of Newborn
Rats in Media of Different Composition on Its Behavior in Culture

W3y4anu BIUsHIE TUIIOTEPMUYECKOTO XPAaHSHHUSI B CaXap0o30-CoeprKalleil 1 ColieBOi cpenax B mpucyTcTBUH 1 6e3 10% chIBOpOTKH
Ha NMOBEACHUE B KYJIBTYPE M30JUPOBAHHBIX HEPBHBIX KJIETOK HOBOPOXKIACHHBIX KPBIC. HOK3.33.HO, YTO I'MIIOTEPMHUYECKOE XPaHECHUE
HEPBHBIX KJIETOK B cojieBoi cperie DMEM/F 12 u caxapo30-CojieBOM pacTBOPE MO3BOJISIET COXPAHSATH MOMYIISIIUH AU GEpeHIIMPOBAHHBIX
Y CTBOJIOBBIX/IIPOTCHUTOPHBIX KIIETOK Ha IMIPOTSHKECHNUH 2-X CYTOK. [IpH TOM rHIOTepMUIeCcKoe XpaHeHHe HEPBHBIX KJICTOK B TCUCHUE
onHux cyTok B cpeie DMEM/F12 ¢ ceiBOpoTKOii 1 O€3 Hee, a TakKe B Caxapo30-COJICBOM pacTBope Oe3 CHIBOPOTKH HE BIIHSET Ha CTPYK-
TypHO-(QYHKIHOHATIBHOE COCTOsIHUE TU((epeHINPOBAHHBIX U CTBOJIOBBIX/IIPOTeHUTOPHBIX HEPBHBIX KIETOK HOBOPOXKICHHBIX KPBIC.

Knrouessie cnosa: runorepmudeckoe XpaHeHUE, HEPBHBIE KJIETKH, HOBOPOKACHHBIE KPBICHI, KYIbTUBHPOBAHNE, MHOTOKJICTOUYHBIE
arperarsl.

BuBYaiy BIUIMB rinOTEpMiYHOrO0 30epiraHHs B Caxapo30-MiCTKOMY Ta COJIbOBOMY CepeoBHIIaX y mpUcyTHOCTI i 6e310% cupoBatku
Ha [OBEIHKY B KyJIBTYpIi i30Jb0BaHUX HEPBOBHX KJIITHH HOBOHApPOMKEHHX 1ypiB. [TokazaHo, 110 rinoTepMivyHe 30epiraHHs HEPBOBHX
KJIITUH y conboBoMy cepepoBuii DMEM/F12 ta caxapo30-cob0BOMY pO3uHHi A03BOJIsIE 30epiraTu momyJsusiuii andepeniiiioBannx
i CTOBOYPOBHX/TIPOTE€HITOPHUX KITITHH MPOTSroM 2-x ai6. [Ipu nboMy rinotepmiyte 30epiraHHsl HEpPBOBUX KIIITHH YIIPOIOBX OJHIET
no6u B cepenopuiii DMEM/F12 3 cupoBarkoto Ta 6e3 Hel, a TaKOXK B Caxapo30-COIBOBOMY PO34MHI 0€3 CHUpOBaTKM HE BIUIMBAE Ha
CTPYKTYpHO-()YHKIIOHAJIBHUI CTaH IU(EpPEeHIIHOBaHUX 1 CTOBOYPOBUX/IIPOTreHITOPHUX HEPBOBUX KIIITHH HOBOHAPOPKEHUX LIYPIB.

Kniouosi cnosa: rinorepmiune 306epiranHs, HEPBOBI KJIITHHH, HOBOHAPO/KEHI LIy PH, Ky/IbTHBYBaHHS, 0araTOKJIITUHHI arperaTy.

The behavior of isolated neural cells of newborn rats in culture after hypothermic storage either in sucrose-based solution or saline
medium supplemented with 10% serum or serum-free was studied. Hypothermic storage in both saline medium DMEM/F12 and
sucrose-based solution was shown to be effective in preserving the populations of differentiated and stem/progenitor cells for 2 days.
It was demonstrated that one day of hypothermic storage in medium DMEM/F12 either supplemented with serum or serum-free, as
well as in serum-free sucrose-based solution did not effect the structural-functional state of differentiated and stem/progenitor neural

cells of newborn rats.

Key words: hypothermic storage, neural cells, newborn rats, culturing, multicellular aggregates.

Uccnenoanne BIMAHNS TUTIOTEPMUAN HAa HEPBHBIE
ket (HK) HOBOpoKIeHHBIX TipeACTaBIsIeT HHTEPEC
JUTSE KpnOOHOJIOTHH ¥ METUITHHEL. M3ommpoBarnabie HK
HOBOPO’KAECHHBIX MOT'YT MOTEHIIMAIBHO UCTIONB30BaTh-
cs U KJIETOYHOM Tepanmuu HeilpoaereHepaTUBHBIX
3aboneBanuii n nospexaenuid LIHC [8], uro TpeOyer
paspaboTku 3(h(HEeKTHBHBIX CLIOCOOOB XpaHEHUS dTUX
KJIETOK. Yale Bcero N30JupoBaHHbIE KIETKH XPaHAT
[P HU3KHX TeMIepaTtypax. OIHako XpaHEHHE B THITO-
TEPMHUYECKUX YCIOBHIX MOXKET TOTIOJIHSITH I OBITH
aJbTEPHATUBOM 3aMOPaKMBAHUIO.

Kpome Toro, uzonvupoanasie HK HOBOpokIEeHHBIX
WCIIONB3YIOT B KQUECTBE MOJEIH ISl N3YUCHHS BIHSI-
HUS TUIIOTEPMUU Ha KJIETKY HEPBHOM TKaHu. I unorep-
MUS SBJISIETCS] IEPCIEKTUBHBIM METO/IOM YMEHBIIIe-
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Investigation of the effect of hypothermia on the
neural cells (NCs) of newborns is of interest for cryo-
biology and medicine. Isolated NCs of newborns may
be potentially used in cell therapy of neurodegenerative
diseases and injuries of the central nervous system
[8], which requires the development of effective ways
of storage for these cells. Usually the isolated cells
are being stored at low temperatures. However, keep-
ing in hypothermic conditions can complement or even
be an alternative to freezing.

In addition, the isolated NCs of newborns are used
in model studies of the effects of hypothermia on the
neural tissue cells. Hypothermia is a promising method
in reducing the inflammation and activating the re-
covery of neural tissues resulted from hypoxia or inju-
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HUS BOCTIAJIEHUSI 1 aKTUBALIMY BOCCTAHOBJICHUS HEPB-
HBIX TKaHEH, BOZHUKAIOIUX BCIEICTBUE THIIOKCUH U
TpaBM [4, 11], B yacTHOCTH Yy HOBOPOXKACHHBIX [6, 10],
TOJI0BHOM MO3T KOTOPBIX MOKET ITOJBEPIaThCs NEUCT-
BHIO THUIOKCHM NpH pokaeHUU. OAHAKO MEXaHU3M
HEHPONPOTEKTOPHOrO IEHCTBUSA THIIOTEPMUH, a TAKKE
OT/IaJICHHBIE TIOCIIE/ICTBUS €€ BIHSAHHUSI Ha KIETKH
HEPBHOW TKAaHU HOBOPOXKJIEHHBIX OCTAIOTCS HE M3Y-
yeHHbIMH. MccnenoBanne BIMSIHNSA yCIIOBUN THITOTEP-
MUU Ha nToBesieHue n3onupoBaHHbx HK HoBOpox 1eH-
HBIX B KYJIBTYP€ i71 Vitro TIO3BOJIHUT BBISICHUTH MEXaHH3-
MBI IIOJIOKUTEITFHOTO BIFMSTHUS OKOJIOHYJIEBBIX TEMIIe-
patyp Ha CTBOJIOBBIE/IIPOr€HUTOPHBIE, HEHPOHAIBLHBIE
U TJIMAJbHBIE KJIETKHU, a TAK)KE YCTAHOBUTH BO3MOX-
HbIe T000YHBIE €€ A((EKTHI, KOTOPHIE MOTYT IPH 3TOM
BO3HUKATh.

Lenp pa®oTbl — M3ydeHUe BIUSHUS TUIOTEPMU-
YECKOI'0 XpaHEHUs B Cpellax pa3IM4HOIO COCTaBa Ha
TIOBEJICHUE B KYJIBTYPE i71 Vitro N30JIMPOBAHHBIX HEPB-
HBIX KJIETOK MO3T'a HOBOPOKJACHHBIX KPBIC.

Martepnaabl 1 meToAbI

HepBHble KII€TKN BBIACTSIIN U3 TKAHU TOJIOBHOTO
MO3Tra HOBOPOXKJEHHBIX KpbIC. J{JIs 3TOTO TKaHb W3-
BIIEKaJId, IPOMBIBAJIN U MEXaHUYECKH Je3arperu-
pOBaJIM Ha eIMHUYHBIE KileTKH B cpene DMEM/F12
(«Sigmay, CILIA). [Toay4eHHy 0 CyCHeH3UI0 (QUITBTPO-
BaJIM Yepe3 HEUIIOHOBBIN (QHUIIBTP, MTOCIIE YeTO KIETKH
ocakaanu neHTpudyruposanuem rnpu 120 g B TedeHue
3 muH. Ilocne ynanenus Ha1ocag0uyHOM XXKUIKOCTU K
KJIETKaM JO0OaBIANIN Cpeny IS TUIIOTEPMUYECKOTO
xpanenus (I'X). s I'X nucrons3oBaiu coneBylo cpe-
ny DMEM/F12, oboramennyto 0,6% ritoko3sl, 2 MM
mIyTamuHa, 3 MM OukapOoHaTa HaTpuUs ¥ caxapo3o-
coneBoit pactBop (CCP), congeprkarntuii 250 MM caxa-
poser; 0,44 mM KH, PO, 5 mM KCI; 0,5 mM
Na,HPO,; 1,5 MM CaCl,; 1 MM MgSO, [2] ¢ u 6e3
10% CcBIBOPOTKH KPOBH KpBIC.

J1J1st monmy4eHus ChIBOPOTKH KPOBH B3POCIIBIX Oec-
MTOPOJHBIX OEJNIBIX KPBIC JEKATUTHPOBAIH 1O duUp-
HBIM Hapko30M. CoOpaHHY0 KPOBb IOMELIAJIH B XOJI0-
mtbHUK (8°C) Ha 15 MUH [T aKTUBAIHH TIPOIIECCOB
cBepThIBaHUs. CBEpHYBIIYIOCS KPOBb IEHTPUPYTUPO-
Banmu nipu 1500 g B Teuenune 15 mun. Ilomydernyio
CBIBOPOTKY CTE€PHJIN30BaJIH (UIBTPOBAHUEM UYepe3
¢uneTp ¢ auamerpom nop 0,22 mxm («Millipor»,
CIIIA), aTMKBOTHPOBAIM 1 XPAHIITH IIPU TEMIIEpAType
—18°C.

Ku3HecrnocoOHOCTD KIETOK OLIEHUBAIIN IO OKpa-
LIMBAaHUIO BUTAJIBHBIM KPACUTENEM TPUIIAHOBBIM CH-
HuM [9]. KoaraecTBO KJIETOK MOJCYNTHIBAIIN B KaMepe
l'opsieBa. Cycnen3uto HK B xonmnentpanun 40—
50 MIJIH/MIT XpaHHJIH B YCIIOBUSIX OBITOBOTO XOJIOAHIIb-
HuKa npu temneparype 8°C B teuenue 1, 2, 3 u 4-x
CyTOK. MHOTOKIJIETOUHBIE arperaThl Iepe s onpeaesne-
HUEM KXU3HECTIOCOOHOCTH Je€3arperupoBaiy Ha efu-
HUYHBIE KJIETKU TUTIETHPOBAHNEM.
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ries [4, 11], particularly in newborns [6, 10], which brain
that may be exposed to hypoxia at birth. However, the
mechanism of neuroprotective effect of hypothermia,
as well as long-term consequences of its action on the
cells of the newborns nervous tissue are not clearly
understood. Investigation of the effects of hypothermic
conditions on behavior of isolated NCs of newborns
during in vitro culturing would clarify the mechanisms
of positive impact caused by near-zero temperatures
on stem/progenitor, neuronal and glial cells, as well as
to establish its possible side effects that may arise.

Our aim was to study the effect of hypothermic
storage in media of different composition on the
behavior of isolated neural cells of newborn rat brain
during in vitro culture.

Materials and methods

Neural cells were isolated from brain tissue of new-
born rats. The tissue was retrieved, washed and me-
chanically disaggregated into single cells in medium
DMEM/F12 (Sigma, USA). The resulting suspension
was passed through a nylon filter, thereafter the cells
were sedi-mented by centrifugation at 120g for 3 min.
After removal of the supernatant the cell sediment was
resuspen-ded in media for hypothermic storage (HS).
For perfor-ming HS we used a saline medium DMEM/
F12, supplemented with 0.6% glucose, 2 mM glutami-
ne, 3 mM sodium bicarbonate and sucrose-based
solution (SBS) containing 250 mM sucrose; 0.44 mM
KH PO,; 5 mM KCI; 0.5 mM Na HPO,; 1.5 mM
CaCl; 1 mM MgSO, [2], enriched with 10% serum
of rats or serum-free.

To obtain the serum the adult breedless white rats
were decapitated under ether anesthesia. The collected
blood was placed into a refrigerator (8°C) for 15 minu-
tes to activate the clotting process. Clotted blood was
centrifuged at 1500g for 15 min. The resulting serum
was sterilized by passing through a filter with a pore
diameter of 0.22 um (Millipor, USA), aliquoted and
stored at —18°C.

Cell viability was assessed by staining with supra-
vital dye Trypan blue. [9] The number of cells was
counted in Goryaev’s chamber. The NC suspension in
a concentration of 40-50 million/ml was stored in a
refrigerator at 8°C for 1, 2, 3, and 4 days. To determine
the viability of cells in multicellular aggregates these
were disaggregated into single cells by pipetting.

Freshly isolated neural cells and those after HS were
cultured in a concentration of 2 million/ml in enriched
medium DMEM/F12 in the presence of 10% rat blood
serum. Culturing was carried-out in 24-well plates
(Corning, USA) in a CO, incubator at 37°C, 5% CO,
and 95% air. Half of the culture medium volume was
replaced with fresh one every 3—4 days.

Microscopic analysis of cell cultures was performed
with the light inverted microscope (AmScope MT3000,
USA), morphometric analysis of aggregates and cell
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Csexenbiaenennsle HK, a Taxke KieTku mocie
I'X KynbTUBUpOBaNM B KOHLEHTPALMH 2 MIH/MII B
o6oramieHnoit cpere DMEM/F12 B mpucytcteuu 10%
CBIBOPOTKH KPOBH KpbIC. KybTHBHpOBaHME TPOBOAMIN
B 24-nmyHounbix mianmerax («Corning», CIIA) B CO,
unkybarope npu 37°C B armocdepe 5% CO, u 95%
Bo3nyxa. [TonoBuHY 00beMa cpeibl KyJIbTHBUPOBAHHS
3aMEHSUTM Ha CBEXYIO Kaxnble 3—4 CyTOK.

MUKpPOCKONMYECKUN aHaJIN3 KIETOYHBIX KYJIbTYP
MIPOBOAMIN HA CBETOBOM MHBEPTHPOBAHHOM MUKpPO-
ckore («AmScope MT3000», CIIIA), mopdomerpu-
YECKMI aHali3 arperaroB U KOJOHHUH KJIETOK — C
MOMOILBIO TPOrPaMMHOT0 o0ecieueHus «AmScope»
(CHIA). Iunamuky oOpa3oBaHHs MOHOCIJIOS OLIEHH-
BaJIM 110 I3MEHEHHIO Pa3MEPOB yUaCTKOB MOHOCIIOS B
MpoIecce KyJIbTHBUPOBAHHSL.

Pesynbrarel craructuyecku oOpabaThIBaIM MO
MeTony CThIOAEHTA ¢ MCMOJIB30BaHUEM IPOTPaMMBbI
MS Excel.

DKCIIepUMEHTHI IIPOBOJIAIIN B COOTBETCTBUH € «O0-
LIMMHU IPUHLIUIAMHU SKCIIEPUMEHTOB Ha KHUBOTHBIXY,
onobpenubiMu 111 HanmoHallbHBIM KOHTPECCOM I10
6unontuke (Kues, 2007) u cormacoBaHHBIMH C ITOJIOXKE-
HuAMU «EBponeiickoit KOHBEHIIMH O 3alIUTe O3BOHOY-
HBIX )KMBOTHBIX, HCIIOJIB3YEMBIX JJIs1 KCTICPUMEHTAIb-
HBIX ¥ IpYTUX Hay4yHbIX nenei» (CtpacOypr, 1986).

Pe3yAbTatbl M 00Cy)xaeHue

Ceexesbiienennbie HK mpencrasisiim co0oif re-
TEPOTEHHYIO MOIMYIISILHIO KJIETOK, )KU3HECTIOCOOHOCTD
KOTOPBIX B cpenHeM cocrtasisina 31%.

B Teuenne nepBBIX CyTOK THIIOTEPMHIYECKOTO Xpa-
Henus B CCP naOmonanocs pe3koe yBeIMueHHe MoKa-
3aredneii )kuzHecnocoonoctr HK HezaBucumo ot rpu-
CYTCTBHUA B cpefie ChIBOPOTKH. [Ipu 3TOM B mpucyt-
CTBHH CBIBOPOTKHU KH3HECTIOCOOHOCTH KIIETOK YBEIH-
yuBaiach B cpegHeM 10 71,2%, a npu oTCyTCTBUH —
10 57,0% (puc. 1). B mpouecce nanbhueiimero I'X xwu3-
HECIOCOOHOCTH KJIETOK JOCTOBEPHO HE M3MEHSIIACK.

B teuenue nepBrix cyrok xpanenus HK B cpene
DMEM/F12 He3HaYUTEIbHO YBEINYHNBANIACH UX KU3-
HECIIOCOOHOCTb, YTO HE 3aBUCENIO OT IPUCYTCTBHS B
cpene ceiBopoTkH (puc. 1). [Tocie 4-X CyToK XpaHCHHS
HaOomanock yeenmaeHue xxn3aecrnocodonoctr HK mo
61,7% B mpucyTcTBUU CHIBOPOTKH U 46,7% 0e3 Hee.

Kax Buano u3 puc. 2, B nponecce ['X cHuxanaco
koHueHTpauua HK Bo Bcex ucnonb3yeMbIx cpefnax,
KoTOpas nociue 4-x cyTok xpanenus cocrasisiia 30%
ot ucxonnoii. B CCP HaOmronanu pe3koe yMEeHbIIICHHE
KOJIMYECTBA KJIETOK Hocie MepBbX cyTok I'X u He-
3HAYUTEIFHOE U3MEHEHNE WX KOHLIEHTPAINH B MPO-
Lecce JanpHeinero xpanenus. Ha mpotskeHun Bcero
cpoka xpanenuss HK B cpene DMEM/F12 ux xonu-
YEeCTBO HHTEHCHBHO CHIKAIOCH.

AHanm3 N3MEHEeHHUS KOINYeCTBa TOJIBKO YKU3HECIIO-
COOHBIX KJIETOK (KJIETOK, KOTOphIE HE MPOKpaIInBa-
JIUCh BUTAJIBHBIM KPAacCUTENIEM TPUIIAHOBBIM CHHHM)
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colonies was carried-out with AmScope software
(USA). The dynamics of the monolayer formation was
evaluated by changes in the dimensions of the mono-
layer sites during culturing.

Results were statistically processed by the Student’s
method using MS Excel software.

Experiments were performed in accordance with
the General Principles of Experiments in Animals,
approved by the III National Congress on Bioethics
(Kiev, 2007) and consistent with the provisions of the
European Convention for the Protection of Vertebrate
Animals Used for Experimental and Other Scientific
Purposes (Strasbourg, 1986).

Results and discussion

Freshly isolated NCs represented a heterogeneous
population of cells, which viability was 31% in average.

During the first day of hypothermic storage in the
SBS there was a sharp increase in the viability index
of the NCs regardless of the presence of serum in the
medium. In the presence of serum, the cell viability in-
creased up to 71.2% in average, and in the serum-
free medium it reached 57.0% (Fig. 1). During fur-
ther HS the cell viability was not significantly changed.

During the first days of NC storage in medium
DMEM/F12 their viability index slightly increased and
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Puc. 1. 3menenne xu3neciocoornoctn HK B mpomecce ru-
norepMuueckoro xpanenus: A — cpena DMEM/F12 Ges
cbiBOpOTKY; A — cpera DMEM/F12 ¢ coiBopoTkoii; 00— CCP
6e3 corBopoTky; Bl — CCP ¢ chIBOpPOTKOM; * — OTIIMUMS CTa-
THUCTHYECKH JIOCTOBEPHBI 10 CPABHEHHIO CO CBEXKEBBIICIICH-
weivu HK, p <0,05.

Fig. 1. The change in NC viability during hypothermic
storage: A —serum-free DMEM/F12 medium; A — DMEM/
F12 medium enriched with serum; 0 — serum-free SBS; l —
SBS with serum; * — statistically significant differences com-
paring to freshly isolated NCs, p < 0.05.
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Puc. 2. M3menenue xonmnentpanuu HK B mporecce rurmo-
TepMHUYecKkoro xpanenus: AN — cpena DMEM/F12 Ges
ceiBopoTky; A — cpena DMEM/F12 ¢ ceiBopotkoii; O0— CCP
6e3 ceiBopoTki; ll— CCP ¢ cbiBopoTKOit;* — oTin4ms cra-
TUCTHUYECKH JOCTOBEPHEI IT0 CpaBHEHHIO co cpenoit DMEM/
F12 6e3 ceBopoTkH, p < 0,05; # — OTITHYNSA CTATHCTUICCKH
JIOCTOBEPHBI 110 cpaBHEHHIO co cpenoit DMEM/F12 ¢ cbiBo-
potkoit, p <0,05.

Fig. 2. Change in NC concentration during hypothermic
storage: A — serum-free DMEM/F12 medium; & — DMEM/
F12 medium enriched with serum; O — serum-free SBS; l—
SBS with serum; * — statistically significant differences
comparing with data for serum-free DMEM/F12 medium,
p <0.05; " — statistically significant differences comparing
with the the data for medium DMEM/F12 enriched with
serum, p <0.05.

mokasan (puc. 3), 4To 001ee KOTUIeCTBO HE TIPOKpa-
LIEHHBIX KJIEeTOK B npouecce ['X ymensmaercs. Taxk,
I'X Ha mpoTskeHun 1 CyTOK MPUBOANT K YMEHBIIIEHUIO
rxonuuectBa HK, koTopbie He mpokpammBaroTcs TpH-
MAaHOBBIM CHHHUM, B 1,2 pa3a B cpeae DMEM/F12 u B
1,2-1,3 pa3a B CCP. Xpanenue B TedeHne 2-X CyTOK
XapaKkTepHU3yeTcsl yMEHbIIEHHEM KOJIMYeCTBA HE IPO-
KpallleHHbIX KIeToK B 1,3—1,4 pasza B cpene DMEM/
F12u B 1,3-1,6 paza B CCP. IIpu I'X Ha npoTsokeHun
3-X CyTOK YMEHBIIIaeTCs KOJIMYECTBO HE MPOKPAIICH-
wbix HK B 1,6-1,7 paza 8 DMEM/F12 u B 1,5 pa3za —
B CCP.

[Ipu 5TOM, KaKk BUIHO U3 pUC. 3, IPUCYTCTBHE ChI-
BOPOTKH OKa3bIBaeT HEOOJBIIOE MOJOKHUTEIBHOE
BIIUSTHUE HA COXPAHEHNE KOJIMYECTBA HE MMPOKPAIIeH-
HBIX KJIETOK B IIpoliecce UX XxpaHeHus kak B DMEM/
F12, tak u B CCP. Xpanenne HK Ha npoTsxeHun
4-x cyrok 8 DMEM/F12 u CCP, coaepxaiiux cbiBO-
POTKY, IPUBOJMIIO K CHIDKEHHUIO KOJIMYECTBA HE IPO-
KpAaIlIeHHBIX KJIeTOK B 1,7 1 1,6 pa3a cOOTBETCTBEHHO.
OTcyTCTBHE CBHIBOPOTKHM B Cpellax XapaKTEpH30Ba-
JIOCh YMEHBIIIEHHEM KOJIMYECTBa HE MPOKPAIIEHHBIX
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it was independent on the presence of serum in the
medium (Fig. 1). After 4 days of storage there was an
increase of the NC viability index up to 61.7% in the
presence of serum and 46.7% in serum-free medium.
As can be seen from Fig. 2, the NC concentration
during HS decreased in all used media and after 4
days of storage made 30% of the initial value. After
storage in SBS we observed a sharp decrease in the
number of cells after the first day of HS and insigni-
ficant changes in their concentration during further
storage. Through the whole period of storage of NCs
in medium DMEM/F12 their number rapidly declined.
Analysis of changes only in the number of viable
cells (cells not stained with vital dye Trypan blue)
showed (Fig. 3), that the total number of non-stained
cells during HS decreased. More specifically, the HS
during 1 day led to a decrease in number of NC non-
stained by Trypan blue for 1.2 times in DMEM/F12
medium and 1.2—1.3 times in the SBS. Storage during
2 days was characterized by a decreasing number of
non-stained cells for 1.3-1.4 times in the medium
DMEM/F12, and 1.3—1.6 times in SBS. Storage during
3 days resulted in reduction of NC number by 1.6—1.7
times in DMEM/F12 and by 1.5 times in the SBS.
Moreover, as it can be seen from Fig. 3, the pre-
sence of serum has a slight positive effect on the
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Puc. 3. Bnusiune 'X 8 DMEM/F12 u CCP ¢ cbiBOpOTKOi# 1
0e3 Hee Ha KOJMUYECTBO HEPBHBIX KIJIETOK, KOTOPHIE HE
MIPOKPAIINBAINCH BUTAIBHBIM KPACUTEIEM TPHUIIAHOBBIM
cunuM: A —cpera DMEM/F 12 6e3 chiBopoTku; A — cpena
DMEM/F12 ¢ ciBopotkoii; 00— CCP 6e3 ceiBoporku; Il —
CCP ¢ cbIBOPOTKOH.

Fig. 3. Effect of HS in DMEM/F12 and SBS media enriched
with serum or serum-free on number of neural cells non
stained with Trypan blue: A — serum-free DMEM/F12
medium; A — DMEM/F12 medium enriched with serum;
O-serum-free SBS; M — SBS with serum.
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KIIETOK B 2,6 pa3a npu xpaneHnn B DMEM/F12 u B 2
paza — B CCP.

Taxum 0Opa3om, yBenHYeHUE )KU3HECTIOCOOHOCTH
HK B nponiecce I'X mpoucxoauT 3a c4eT THTEHCUBHON
ru0eNn KJIETOK, OYEBHIHO JIETAIbHO MTOBPEXKACHHBIX
pu ux BbAedeHuu. [Ipuaem npouecc rudenu Hanbo-
Jiee UHTEHCHUBEH B IIEpBBIE CYTKH XpaHEHHUS M HE
3aBHCHUT OT HMCIIOJIb3YEMOH cpeibl M MPUCYTCTBUSA B
Hel cbIBOpOTKU. KoM4ecTBO KJIETOK, KOTOPBIE HE ITPO-
KpalIuBalOTCSI TPUITAHOBBIM CHHUM, TAK)XK€ YMEHb-
maercs B TeueHue I X. 1o 40CTaTOYHO MEIICHHBIN
1 PAaBHOMEPHBIN ITPOLIECC, KOTOPBIA MPAKTUYECKU HE
3aBHCHUT OT Cpeibl XpaHeHus. Ha nmpoTsokennu 3 cyTok
3a CyTKH XpaHEHHs KOJIMYECTBO HE MPOKPAIIEHHBIX
KJIETOK B cpellHEM yMeHbIaeTcs Ha 17%. Ilpu atom
MIPUCYTCTBHE CHIBOPOTKHU OKa3bIBAET HE3HAUNTEIBHOE
[TOJIOKUTENBHOE BIMSHUE Ha COXPAaHHOCTH KIJIETOK.
[IpucyrcTBue ceiBopoTKH B cpeae npu ['’X kimeTok Ha
npoTsbkeHnH 4 cytok kak B DMEM/F12, tak u 8 CCP
OKa3bIBAET BBIPAKEHHOE IOJI0KUTEIBHOE BIUSAHUE Ha
CHOCOOHOCTD KJIETOK MCKJIFOYaTh TPUITAHOBHII CHHUH.

[Mockonbky onpezeneHue sxu3HecrnocoonocT HK
10 TPUTIAHOBOMY TECTY B IIOJTHOW MEpe HE OTpakaeT
UX CTPYKTYPHO-(DYHKIIHOHAIEHOE COCTOSTHUE, MBI TIPO-
BOJIMJIH KYJIbTHBHPOBAaHNE KIIETOK.

Csexensigenenasie HK yxe uepe3 HeCKOIbKO
4acoB KyJIbTUBUPOBaHMS (YOPMUPOBAIN MHOTOKJIETOU-
HBIE arperarsl. B nporiecce nanpHeNIIero KyJIbTHBUPO-
BaHUS IPOUCXOJWIO MOCTENEHHOE YIUIOTHEHUE yTIa-
KOBKH KJIETOK B arperarax. HekoTtopsle arperars! yBe-
JUYUBAINACH B pasmepe. Ha 2-e cyTku oHM Hadanu
aKTUBHO IPUKPEIUIATHCS K moanoxke. Ha 4-e cytkn
KyJIETUBHPOBAHUS K IOJI0KKE IPUKPETIISUINCH IPAK-
THYECKH BCe arperarsl (tadnuia). [locne npukpern-
JIEHWS arperaToB KJIETKH, BXOJSIINE B UX COCTaB,
(hopMHpOBaIM OTPOCTKH, MUTPUPOBAIH, PACTIIACTHI-
BaJIUCh U (HOPMHUPOBAIIN YIaCTKA MOHOCTOS (puc. 4,
A). Ha 4—6-e cyTKu KyIbTUBHPOBAaHHUS HA MOHOCJIOE,
COCTOSIIIIEM U3 KJIETOK IJINH, MOSBISIINCH [B-TyOynnH
[II — monmoXkuTENbHBIE KIETKH, KOTOPBIE UMEIIN MOP-
¢onoruro HelipobaacToB (Tabnuna).

[ToBenenue B kynerype HK, monseprayTsix I'X Ha
MPOTSDKEHUH OAHUX cyTOK B cpeie DMEM/F12 ¢ cbi-
BOpPOTKOH u 0e3 Hee, a Taxke B CCP 0e3 chBOpOoTKH
HE3HAYUTENBHO OTINYAJIOCh OT CBEKEBBIAEIEHHBIX
KJIeTOK (Tabnuna, puc. 4, B). Hauano npukpernnenns
arperaroB HaOIIONAJIOCh HA 3-U CyTKH KYJIBTUBUPO-
BaHU4, a IPUKPETJICHNE BCEX arperaTos — Ha 6-¢ CyT-
ku. [Ipy 3TOM B KynbTypax KJIETOK, IOABEPrHYThIX [ X
B cpeie DMEM/F12 ¢ ceiBOpOTKOi#f 1 O€3 Hee, a Takke
B CCP 0e3 cCBIBOPOTKH, CKOPOCTH (POPMHUPOBAHHS MO-
HOCJI051 OblJIa BBIILIE 10 CPABHEHHIO C KOHTPOJIEM (Tal-
nuia). Ha 4-5-e cyTKu KynbTUBHPOBaHUS Ha MOHO-
cioe, copMUPOBAHHOM 3THMHU KIIETKAMH, KaK U B
KOHTpOJIC, NOABISLTUCH B-TyOynuH [11 — nojaoxuTens-
HBIE KJIETKU ¢ Mopdoorueit HeiipoOiacToB.
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preserving the number of non-stained cells during
storage in both DMEM/F12 and SBS. Storage of NCs
for 4 days in DMEM/F12 and SBS supplemented with
serum led to a drop in the number of non-stained cells
in 1.7 and 1.6 times, respectively. The absence of
serum in media was accompanied by reduction in the
number of non-stained cells by 2.6 times during storage
in DMEM/F12 and by 2 times in case of SBS.

Thus, the increase of NC viability index during HS
is caused by intensive death of cells, apparently lethally
damaged during isolation procedure. Moreover, the
process of death is mostly pronounced during the first
day of storage and does not depend on the type of
medium used as well as the presence of serum in it.
The number of cells non-stained by Trypan blue
decreases during HS too. This is fairly slow and steady
process that is virtually independent on the type of
storage medium. During 3 days of storage the average
daily decrease in number of non-stained cells was 17%.
Moreover, the presence of serum had little positive
impact on the cell preservation. The presence of serum
in medium during 4 days of HS both in DMEM/F12
and SBS had a strong positive effect on the ability of
cells to exclude Trypan blue.

Since the assessment of NCs viability by Trypan
blue test does not fully reflect their structural and
functional state, we performed the cell culturing.

Freshly isolated NC after few hours of culture
formed multicellular aggregates. Cell packing in aggre-
gates gradually became more dense during further
culturing. Some aggregates increased their dimensions.
On the 2™ day they began to adhere actively to the
substrate. On the 4™ day of culture almost all aggre-
gates were attached to the substrate (Table). After
the aggregates attached, their cells formed processes,
migrated and formed the monolayer areas (Fig. 4A).
On the 4-6" day of culture on the monolayer formed
by glial cells appeared B-tubulin IIT positive cells that
had the neuroblast morphology (Table).

Behavior in culture of NCs subjected to one day of
HS in DMEM/F12 medium both enriched with serum
and serum-free, as well as in serum-free SBS, had no
significant differences comparing to freshly isolated
cells (Table, Fig. 4B). Aggregates started to attach on
the 3 day of culture, and the attachment of all ag-
gregates was observed on the 6™ day. Thereat the
monolayer formation rate was higher in the cell cultures
exposed to the HS in DMEM/F12 medium with or
without serum, and in serum-free SBS if compared
with the control (Table). Appearance of 3-tubulin III
positive cells with the neuroblast morphology on the
monolayer formed by these cells was observed on the
4-5™ day of culture like in the control culture.

In cultures of NCs subjected to HS in SBS enriched
with serum we observed the formation of small loose
aggregates. Their structure did not change during
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Bnmstane I'X B pa3nuuHBIX cpefax Ha CTaAUU KylIbTHBHpoBaHus arperaroB HK

Effect of HS in various media on the timings in NC aggregates culture

Crapuu kyabtuBupoBanusa HK, cyTku
NC culture stages, days
Bpems I'X,
CYTKHU CpeAa XpaHeHusa Hauano (I)OpMI/IpOBaHI/Ie
HS duration, Storage medium TIPUKPeNAeHUS INpuxpemnnrerne ACTKOB TlosiBAeHTIE ®opmMupoBaHue
days arperaTos BCeX arperaros l?lr;)IHOCAOﬂ HeUpoOAaCTOB roroHur HK
Start of Attachment of all . Appearance of NC colonies
Monolayer sites X
aggregates aggregates formation neuroblasta formation
attachment
Koutpoab
(MCXOAHBIE KACTKH) _ _ _ _
0 Control (initial cell 1-2 4 3-6 4-6 9-13
suspension)
DMEM/F12 3 6 4—=5 4=5 9—15
DMEM/F12 +
CBIBOPOTKA/serum 3 6 4=5 4=95 913
1
S 3 6 4-5 4-5 9-15
CCP + criBOpOTKa _ _ _ _ _
SBS + serum
DMEM/F12 - - 7 - -
DMEM/F12 +
CBIBOPOTKa/serum 3 7 5 5 910
2
e 3 10 5 5 12
CCP + criBOpOTKa _ _ _ _ _
SBS + serum
3 Bce cpeapt _ _ _ _ _
All media
4 Bce cpeapt _ _ _ _ _
All media

B xynsrypax HK, xotopsie monsepramucs I'X B
CCP ¢ cbIBOpOTKO#i, POPMUPOBATIHCH MEJIKHE U PHIXJIbIE
arperarbl. B mporiecce KynbTHBHPOBAHHS UX CTPYKTY-
pa He U3MEHSIIACH U K MTOJUI0KKE OHU HE MPHUKPETLIIs-
muck. [Ipu 3TOM Habmromanu NMpUKpeIuIeHHe U pac-
TUIACTHIBAHUE SIMHUYHBIX KIETOK, XapaKTepPU3yOINX-
Csl NIAIbHOM MOP(OIOruei, OHAKO B IIPOLIECCE Talb-
HEHIIero KyTbTHBHPOBAHUS MX KOJIMYECTBO HE YBEIHU-
YHBaJIOCh M (POPMHUPOBAHHUSI MOHOCJIOS HE IIPOHCXOAMIIO.

HepBHble ki1eTKH nocine XxpaHeHUs B THIIOTEPMU-
YECKHX YCIIOBHSIX Ha MPOTSHKEHUH 2-X CYTOK B Cpele
DMEM/F12 ¢ ceiBopoTkoii u B CCP 6e3 Hee, kak u
CBEXKEBBIJICJIEHHBIE, (DOPMUPOBAIM arperarsl B mep-
BbI€ CyTKH KyJbTUBHPOBaHMs. Ho K OII0KKE OHU TIpH-
KPEIUISIINCH 3HAYUTEIILHO TI03)KE 10 CPAaBHEHHIO C ar-
peraramu cBexxeBbiaeneHHbix HK (tabnuma). [pu
3TOM 0K0JI0 25% arperaroB HK, kotopsie xpanunuch
B CCP 6e3 CBIBOPOTKH, K MOJJIOKKE HE TMPUKPEILIS-
JIUCh U B TAJIbHEHIIIEM KIIETKH dTHX arperaroB IOTH-
Oanu. [Tocie npuKperieHns KIIETKH arperaTtoB MUTPH-
poBau 1 HOpMHUPOBAIH MOHOCIION, OAHAKO CKOPOCTD
ero oOpa3zoBaHus Oblia HUXE MO CPABHEHHUIO C
KoHTpoJeM (tabnuua). Tak, B kynerypax HK, kotopsie
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culturing and they had not attached to substrate.
Moreover, several cells attached and spreaded, these
were of glial morphology, but during further culture
their number did not increase and no monolayer for-
mation occurred.

After the storage in hypothermic conditions during
2 days in DMEM/F12 medium with and without serum
and in serum-free SBS the neural cells formed aggre-
gates in the first day of cultivation like freshly isolated
did. But they attached to the substrate much later than
the freshly isolated NCs (Table). Moreover, about 25%
of NC aggregates, stored in the serum-free SBS, were
not attached to the substrate and later the cells of these
aggregates died. After the attachment the cells of
aggregates migrated and formed monolayer, but the
rate of its formation was lower comparing to the control
(Table). Namely in cultures of NCs, which were kept
in DMEM/F12 medium enriched with serum and in
serum-free SBS, on the 6" day of culture the mono-
layer occupied 45 and 30% of the well surface, respec-
tively. After 12 days of culture the monolayer area if
culture of NCs, which were stored in DMEM/F12 me-
dium enriched with serum, increased up to 60%, and
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Puc. 4. HpI/IerHJ'IeHI/Ie arperatos, chopMrpoBaHHbIX cBexeBblaeneHHbIME HK (A) 1 mocite I'X Ha IPOTSDKEHUH 2-X CyTOK
B cpene DMEM/F12 B npucytctBuu chiBopotku (B). Macmra6: 100 mxm.

Fig. 4. Attaching aggregates formed freshly isolated NC (A) and after HS for 2 days in DMEM/F12 medium in the presence
of serum (B). Scale: 100 pm.

xpanunuch B cpene DMEM/F12 B npucyTcTBUM CBHI-
Bopotku 1 B CCP 0e3 Hee, Ha 6-¢ CYTKHU KyJIBTHBHPO-
BaHWA MOHOCTOW 3aHnMan 45 n 30% ruromaay JIyHKH
cOoOTBETCTBEHHO. Uepes 12 CyToK KyIbTUBUPOBAHUSA
moniaap MoHocos B KyneType HK, kotopeie xpanu-
nck B cpeie DMEM/F 12 B ipucyTCTBUH CHIBOPOTKH,
yBeauunBanachk 10 60%, a B CCP 6e3 ChIBOPOTKH —
10 50%. B nmpouiecce qanpHeimero KynbTUBUPOBAHUS
IJIoUIalb MOHOCJIOS HE yBeNIWYMBasiack. B kynsType
HK, xotopsie xpanunuck B cpeae DMEM/F12 6e3
J00aBJIEHNS CBIBOPOTKH, (POPMUPOBAIIMCH HEOOJIBIIINE
y4acTKH MOHOCIOS, COCTOSIIME U3 KIeToK mnu. Ha
7-€ CyTKH KyJIFTUBUPOBAHHS 3TOT MOHOCJION 3aHMUMaI
oxoito 20% MOBEPXHOCTH JTYHKH | TIPH JaIbHEeHIIeM
KYJIETUBUPOBAHUH €r0 IJIOM[aAb HE YBEIHMYUBAIACE.
Ha 4-6-e cyTku KynbTUBHPOBaHUS KJIETOK, KOTOpBIE
xpanunuch B cpene DMEM/F12 ¢ ceiBopoTKO# U B
CCP 6e3 CBIBOPOTKH, Ha TINATEHOM MOHOCIIOE TIOSIB-
ssunack B-tyOynmua 111 — MONOKUTENBHBIE KIETKH C
Mopororueit HeiipoOiacToB (Tadbauna).

HepBHble KneTKH, KOTOpBIE XPaHWINCH Ha MPOTS-
XKeHuH 2-x cyTok B cperie DMEM/F12 6e3 ChIBOPOTKH
u B CCP ¢ CBIBOPOTKOIA, B Iporiecce Ky TbTUBUPOBAHUS
(hopMHPOBaIH MEJKUE PHIXJIbIE arperaTsl, KOTOPHIE K
MOJIJIOKKE HE NMPUKPEIUIUINCh U B MPOILECCE KYIb-
TUBHPOBaHUsI oruOany. [IpukpenuBImecs K NojIox-
K€ €IMHUYHBIEC KIIETKA B T€YCHHE HECKOJIBKHUX CYTOK
KyJIbTUBUPOBAaHMS IOTHOaNH.

Kak Opu10 mokaszano panee [1] Ha 9-15-e cyTkn
KyJBTUBUPOBAHUS HA MOHOCJIOE TIIMH, 00pa30BaHHOM
cBexeBbleneHHpIMA HK, mosiBisiiicsy KonoHnu He-
i epenmpoBaHHbIX [3-TyOymuH 111 — nmonoxwuresns-
HBIX KJIETOK, OOJIBIIMHCTBO KOTOPBIX SIBJSUIUCH HECTHH-
1 BUMEHTHH-TIOJIOKUTEIIbHBIMU.

Bpewms nosenenust kononui B Kynerypax HK, mon-
Beprasmuxcs ['X B Teuenue 1 u 2-X cyToOK, HE OTIIH-

npo6ne|v|b|
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in serum-free SBS rised up to 50%. During further
culturing the monolayer area did not increase. In the
culture of NCs, which were kept in serum-free DMEM/
F12 medium, only small monolayer sites consisted of
glial cells were formed. On the 7™ day of culture this
monolayer occupied about 20% of the well’s surface
and further culturing did not increase its area. On the
4-6" day of culturing the cells, stored in serum-enriched
DMEM/F12 medium and serum-free SBS, B-tubulin
III positive cells of neuroblast morphology appeared
on the glial monolayer (Table).

Neural cells that have been stored for 2 days in
serum-free DMEM/F12 medium and in serum-enriched
SBS formed small loose aggregates during culturing
that had not attached to the substrate and died during
further culturing. Several single cells attached to the
substrate died after few days of culturing.

As it was previously shown [1] on the 9—15" day
of culturing the colonies of undifferentiated B-tubulin
I positive cells appeared on a glia monolayer formed
by freshly isolated NCs, and most of the appeared cells
were nestin- and vimentin-positive.

The timepoint for appearance of colonies in cultures
of NCs subjected to HS for 1 and 2 days, did not differ
from the control (Table). Moreover, the colonies were
formed by NCs, stored during one day in serum-enriched
and serum-free DMEM/F12 medium, as well as in se-
rum-free SBS. After 2 days of HS the colonies were
formed only by NCs, kept in serum-enriched DMEM/
F12 medium and in serum-free SBS. During culture the
number and size of the colonies increased. As can be
seen from Fig. 5, the size of colonies formed by cells
stored during one day in serum-enriched DMEM/F12
medium was bigger than in the control. Size of colonies
of cells that were kept in serum-free DMEM/F12
medium and SBS did not differ from the control (Fig. 5).
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4auock OT KOHTpous (Tabnuna). [Ipu aTom konoHnn
obutn chopmupoBanbl HK, koTopble XpaHHUIIMCh Ha
MPOTSDKEHUH TEpBBIX cyToK B cpene DMEM/F12 B
MIPUCYTCTBUM CBIBOPOTKH U 0e3 Hee, u B CCP — 6e3
ceiBopoTkH. [locne 2-x cytok I'X konmonuu popmupo-
Banuchk KynsTypamu HK, xoTtopsie xpanunu B cpene
DMEM/F12 B npucytctBuu cbiBopoTku u B CCP 6e3
Hee. B mponecce KyabTHBUPOBaHHS KOIUYECTBO U
pa3Mep KojoHu# yBennuuBasnuck. Kak BunHo U3 puc. 5,
pa3Mep KOJIOHUH, 00pa30BaHHBIX KJIETKaMH, KOTOPBIE
XPpaHHJIVCh B TeUEHHE MEPBBIX CYTOK B cpene DMEM/
F12 ¢ ceiBopoTKOii, 65T 60ITBIIIE TIO CPABHEHHIO C KOHT-
ponem. Pa3zmep KoIOHHI KIIETOK, XPaHUBIINXCS B Cpe-
ne DMEM/F12 u B CCP 6e3 no6aBiieHusI CHIBOPOTKH,
HE OTIMYaNCS OT KOHTpous (puc. 5).

B xyneTypax knerok, KoTopsle moasepraiuch I'X
B TEYEHHE 2-X CYTOK, KOTMYECTBO KOJIOHUH yBENTNYH-
BaJIOCh HE3HAYUTENBHO, IPH ATOM UX IUIOLIaIb OblIa
MEHBIIIE 110 CPABHEHUIO C KOHTposieM (puc. 6).

[Ipu xynsTuBnpoBannun HK, koropsie Haxogumuce
B THITOTEPMHUYECKIX YCIOBHSIX B T€UEHHUE 3 1 4-X CYTOK
HE3aBUCHMO OT Cpelbl XpaHeHUs, 00pa30BHIBAINCH
MEJIKHE PBIXJIbIE arperarsl, KOTOpble K MOJIOKKE He
MIPUKPETUISUINCH, @ X KJIETKH B MPOIIECCE KYIBTUBUPO-
BaHMsI morudany. EquHuYHbIE KIETKH MPUKPETUISITNCE,
HO HE PacIUIaCThIBAINCE.

Takum oOpazoM, MpoOBeIEHHBIE HCCIEIOBAHUS
[TOKa3aJIM, YTO MaKCUMaJIbHBIM BpeMeHeM [ X, B Teye-
Hue kotoporo HK, n3onupoBanHble U3 TKaHU MoO3ra
HOBOPOXIEHHBIX KPBIC, COXPAHSAIOT CBOM CBOICTBA Ha
YPOBHE CBEKEBBIJCICHHBIX, SBIAETCA 2-€ CYTOK:
muddepenunpoBannsie HK npukpersirores u pac-
IJIaCTHIBAIOTCS, a CTBOJIOBBIe/porennTopusie HK
nponmepupytot u nudpdepenmpyrorcs. [Ipu sarom
ONTUMAIILHOW cpenol xpaHeHus spisiercs DMEM/
F12 c cBIBOpPOTKOIA, 9TO MOKHO OOBSCHUTH CXOJICTBOM
€€ COCTaBa ¢ BHYTPUKIIETOYHOU CPEOil OpraHu3ma.

[orepro cnocobnoctn HK, noaseprayteix I'X B
CCP c ceiBopoTKOH, (hOpMHUPOBATH arperarsl, KIeTKA
KOTOPBIX MPOon(EpUupyIoT U NPUKPEIUISIOTCS K MMOJ-
JIOKKE B YCIIOBHSX i1 Vitro, MOXKHO OOBSICHUTB COUe-
TaHHBIM JACHCTBHEM Ha IJIa3MaTHYECKyI0 MeMOpaHy
caxapo3bl ¥ OEJIKOB CBIBOPOTKHU. M3BeCcTHO, 4TO B Cca-
XapO3HOM MUKPOOKPY>KEHHH yBEITMYMBAETCS OTPHLIA-
TEJbHBI MOBEPXHOCTHBIN 3apsij IUIa3MaTUYeCKOM
MeMOpaHBI [3], YTO TMOBBIMIAET CTEIICHD CBS3BIBAHMS
OenkoB ¢ MeMOpaHoii. [Ipu 3TOM ajgcopOuMst U30IU-
POBaHHBIX OEJIKOB BBI3BIBAET JIOKAJIHHBIE TIEpEMeEIIIe-
HUS JTUNUI0B B MeMOpaHe, NX KOHIICHTPUPOBAaHUE B
MeCTax CBSI3BIBAHUS OCIKOB B (POPMUPOBAHHUE JOME-
HOB [5], 9TO0, B CBOIO OY€peib, TPUBOIUT K HECTAOWITE-
HOCTH IJIA3MaTHYECKOM MeMOpaHbl U MOXKET OBbITH
MPUIMHOMN JaTepaibHOro (pa3oBOro pasuesieHust MeM-
Opansl [7], B pe3yiabTaTe KOTOPOTO HapyIlaroTCs
OapbrepHbIe CBOIICTBa MEMOpaH U KIETKU MOTHOAIOT.
Kpome TOro, M3MeHeHHE JIOKAIM3aluK JUIUAOB B
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Puc. 5. Pazmep xononwuii, 00pa30BaHHBIX B ITPOIIECCE KYIIBTH-
suposanus HK nociie nepebix cytok I'X: @ — KOHTpOIIb;
A — cpena DMEM/F 12 Ges ceiBopotky; A —cpea DMEM/
F12 ¢ ceiBopotkoii; 0— CCP 6e3 cbBOpoTKH; * — oTIIH4Hs
CTaTHCTUYECKH JOCTOBEPHBI 110 CPABHEHUIO C KOHTPOJIEM,
p <0,05; #— oTIMuMsI CTATUCTUYECKH JOCTOBEPHBI IO CPaB-
HEHHUIO ¢ 33-MU CyTKaMH KyJIbTUBUpOBaHus, p < 0,05.

Fig. 5. The size of the colonies formed during culturing of
NC after one day of HS: @ — control; A— serum-free DMEM/
F12 medium; & - DMEM/F12 medium enriched with serum;
O - serum-free SBS; * —statistically significant differences
comparing with data for control, p < 0.05; * — statistically
significant differences comparing with the the data for the
33 day of culture, p <0.05.

In cell cultures, which were subjected to HS for 2
days, the number of colonies increased insignificantly,
and their area was smaller than the control (Fig. 6).

When culturing NCs kept in hypothermic conditions
for 3 or 4 days, regardless of the storage medium, we
observed the formation of small loose aggregates that
were not attached to the substrate, and their cells died
during culture. Several single cells attached, but did
not spread.

Thus, our investigations have shown that the ma-
ximum time for HS, which allow to preserve the
peculiarities of NCs isolated from brain tissue of new-
born rats at the level of freshly isolated ones, is 2 days:
differentiated NCs are attached and spreaded, and
stem/progenitor NCs proliferate and differentiate. The
optimal storage medium for this case is DMEM/F12
enriched with serum, that can be attributed to the
similarity of its content and intracellular environment
of an organism.

The loss of ability of NCs subjected to HS in serum-
enriched SBS to form aggregates, which cells proli-
ferate and attach to the substrate in vitro, can be
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MeMOpaHe MOXeT NMPUBOAUTH K TpaHchopMaluu ee
aApXUTEKTYPBI U 3aTPYAHSTH CBS3bIBAHHUE PETYNIATOP-
HBIX OEJIKOB C PELENTOPaMu, a TAKXKE MPETsTCTBOBAT
MPUKPEIUIEHNIO KJIETOK K IMOJIOKKE.

[IpoBeneHHbIe UccaeqOBaHUs TaKXke MOKa3aiH,
yT10o ['X Ha NpOTAKEHUHN OJHUX CYTOK, HECMOTpPS Ha
CHIDKEHHE KOIMYEeCTBA HE MPOKPAIICHHBIX KIETOK, He
MIPUBOAMNT K CYIIECTBEHHOMY yXYALICHHUIO TIOBEACHHUS
HK B nmponecce ux KynsruBupoBanus. [Ipu sTom numb
3aMeIIeTcsl IPUKpEIIeHue arperaTos, chopmu-
POBaHHBIX ATUMH KJIETKaMH. ITO MOKHO OOBSICHUTD,
C OJTHOHM CTOPOHBI, TEM, UTO X)Hu3HecTmocooHoCcTh HK,
OIpENETIEHHAs 10 TPUIIaHOBOMY TECTY, JIMIIb 4aCTHY-
HO KOPPEJIHpPYET C UX QYHKIMOHATEHON aKTUBHOCTBIO,
a ¢ Ipyroi — pa3ButueM B npouecce I'X HeneTanbHbIX
MOBPEXJICHUH KJIETOK, BOCCTaHOBJICHHE KOTOPBIX Tpe-
OyeT onpeIelIeHHOT0 BpEMEHH B IIPOLIECCE UX KYJIBTH-
BupoBanusl. [Ipu xpanenun HK Ha npoTspkennn 2-x
CYTOK KOJIMYECTBO HEJIETANbHBIX TIOBPEKACHUI ITIOBBI-
[IaeTCsl, YTO MPOSIBISETCS B yBEIMYEHWH BPEMEHHU
MIPUKPETIEHUS] arperaToB K MOJIOKKE ¥ CHUKEHHUU
ckopoctu popmupoBanus MoHOCIOsI. [TosiBIIeHNE HEi-
poOJIACTOB M KOJIOHHUI CTBOJOBBIX/IIPOTCHUTOPHBIX
KJIETOK B T€ K€ CPOKH, YTO M Y KOHTPOJIBHBIX KIETOK,
YKa3bIBaeT Ha UX COXPAHHOCTh IIPH XpaHEHUH B THUIIO-
TEPMHUUYECKUX YCIOBUAX Ha MPOTKEHUH 2-X CYTOK.

I'mnorepmuueckoe xpanenne HK HOBOpoXxIeHHBIX
KpBIC B UCCIIEJIOBAHHBIX CPElax Ha MPOTSHKEHUHU 3-X
u 6onee CyTOK MPUBOAUT K UX THOEIH: KJICTKH yTpaqu-
BaIOT CIIOCOOHOCTH K (POPMUPOBAHUIO arperaToB, Mpu-
KPEIUICHUIO B PAaCIUIaCTHIBAHMUIO.

BuiBOAbI

l'unorepmuueckoe XpaHeHHWE HEPBHBIX KJIETOK B
cpeae DMEM/F12 u CCP Ha npoTsbKkeHHH 2-X CYTOK
M03BOJISIET COXPAHSTH MOMYISIN AU PEepeHIIMPOBAH-
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Puc. 6. Pazmep xomoHuit, 00pa30BaHHBIX B MPOLIECCE KYIIb-
tusuposanus HK nociie 2-x cytok I'X: @ — koHTposn; A —
cpena DMEM/F12 ¢ ceiBopotkoif; 01— CCP 6e3 chIBOpOTKH;
* — OTVINYNS CTATUCTUYECKU JOCTOBEPHBI 110 CPABHEHHIO C
KoHTpoJseM, p < 0,05.

Fig. 6. The size of the colonies formed during culturing of
NC after one day of HS: @ — control; A — DMEM/F12
medium enriched with serum; [0 — serum-free SBS; * — statis-
tically significant differences comparing with data for the
control, p <0.05.

explained by the combined effect of sucrose and serum
proteins on the plasma membrane. The negative sur-
face charge of the plasma membrane is known to
increase in sucrose microenvironment [3], that in its
turn increases the binding of proteins to the membrane.
Moreover the adsorption of isolated proteins causes
local transposition of lipids in the membrane, their
concentrating in protein binding sites and formation of
domains [5], that subsequently leads to instability of
plasma membrane and can cause lateral phase sepa-
ration of the membrane [7] with following disturbance
of membrane barrier properties and cell death. In
addition, the changes in location of lipids in the mem-
brane can lead to the structural transformations,
obstacles in the binding of regulatory proteins and
receptors and restricted attachment of cells to the
substrate.

The conducted studies also showed that the HS
during one day did not lead to significant changes in
behavior of NCs during their culturing despite the
decrease in the number of non-stained cells. Herewith
the attachment of aggregates formed by these cells
was slower. This can be explained, on the one hand,
by the fact that the viability of NCs, assessed by Trypan
blue test, correlates only partially with their functional
activity, and on the other, that HS is accompanied with
development of non-lethal cell damages, which re-
paration requires some time during their culturing.
Storage of NCs during 2 days led to the increase in
number of non-lethal damages, and this fact was
manifested in the increasing of time period for aggre-
gates’ attaching to the substrate and reduced rate of
monolayer formation. The appearance of neuroblasts
and colonies of stem/progenitor cells in the same terms
like for the control cells indicates their survival during
storage in hypothermic conditions for 2 days.

problems
of cryobiology

Vol. 22, 2012, Ne4



HBIX U CTBOJIOBBIX/TIPOTEHUTOPHBIX HEPBHBIX KIIETOK
HOBOPOKICHHBIX KPBIC.

[IpucyrctBue ceiBopotku B cpeae DMEM/F12
yiyuuraeT, a B CCP yxymmaer xxuznecniocoonocts HK
B npouecce ['X.
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Hypothermic storage of NCs of newborn rats in
the studied media during 3 days and more results in
their death: cells lose their ability to form aggregates,
to attach and spread.

Conclusion

Hypothermic storage of neural cells in the medium
DMEM/F12 and SBS for 2 days allows to preserve
the populations of differentiated and stem/progenitor
neural cells of newborn rats.

The presence of serum in the medium DMEM/F12
improves the viability of NCs during HS and in the
case of SBS vice versa deteriorates it.
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